The DNA sequence ( (6) . This enzyme is the major phosphatase involved in the regulation of the enzymes of muscle glycogen metabolism (2) (3) (4) (5) , and its catalytic subunit has been isolated from rabbit muscle as a 37-to 38-kDa protein (7) (8) (9) or as its apparent proteolytic product of 32-to 33-kDa (10, 11) . The catalytic subunit has been called phosphatase C-I (7, 11) or phosphatase lc (5) , and it is found in tissue extracts in a high-molecular-weight form (4) . The catalytic subunit has been isolated in several complex forms:
an inactive complex with a 31-kDa protein inhibitor (inhibitor 2), which is activated by ATP/Mg and a protein kinase (8, 12) ; a glycogen-bound enzyme with a subunit of 103 kI)a (13) , which appears to be responsible for glycogen binding;
and a glycogen-bound dimer of the catalytic subunit (14) . A second phosphatase catalytic subunit of 34 to 36 kDa with a different substrate specificity was described as phosphatase C-Il (11) and also as the catalytic subunit of type 2A phosphatase (5, 9) . This phosphatase also exists in discrete multisubunit high-molecular-weight forms (2) (3) (4) (5) . There have been recent reports of the isolation of cDNAs for the catalytic subunits of phosphorylase phosphatase (15) and phosphatase 2A (16) (17) (18) (19) . In this paper we describe the isolation of cDNA clones for the catalytic subunit of phosphorylase phosphatase; this cDNA encodes a protein that differs significantly from that encoded by the previously described cDNA (15) . 
MATERIALS AND METHODS

Materials
Isolation of cDNAs
Two synthetic oligonucleotide probes were synthesized. These were a 39-base oligonucleotide with the sequence 5' -ATCTGCGGCGACATCCACGGCCAGTACACC -GACCTGCGC, which was based on the tryptic peptide sequence ile-cys-gly-asp-ile-his-gly-gln-tyr-thr-asp-leuarg, and a 42-base oligonucleotide, 5'-GCCCACCAGG-TGG11GAGGACGGCTACGAGTTCT'ICGCCAAG, which was based on the sequence ala-his-gln-val-val-gluasp-gly-tyr-glu-phe-phe-ala-lys.
The choice of the codons was made on the basis of the most frequent codon usage reported for the cDNA of rabbit muscle phosphorylase, which is heavily biased toward G or C (21 
RESULTS
The screening of about 3. There is an exact correspondence of the deduced amino acid sequence with the peptide sequence used for the 42 base probe; for the 39 base probe, two residues were different; these are discussed later.
During the course of this work, Berndt et al. (15) described the cloning of a cDNA for the catalytic subunit of rabbit muscle phosphorylase phosphatase using a cDNA library prepared from mRNA isolated from neo- (15) . Identification of this eDNA was based on the correspondence of a total of 145 residues of protein sequence of the enzyme with the deduced amino acid sequence of the open reading frame. We compared our cDNA sequence with that reported by Berndt et al. (15) and found that the two were essentially identical for most of their lengths except at the 5' regions. The differences between the cDNA we isolated and that reported by Berndt et al. (15) in their divergent 5' regions (181 and 280 nucleotides, respectively) are striking, with no identification of the nucleotide or the deduced protein sequences. The 5' noncoding region of our cDNA is 84 bp compared with 240 bp for their done, and different sequences precede the start codons (CCGCC and TAACT). The codon usage of our cDNA is heavily biased (90%) toward the use of G and C, as has been found for several strongly expressed rabbit skeletal muscle proteins (28). The codon usage for the NH2-terminal of 33 amino acid residues of our CDNA is similar (G + C = 88%) to that of the common region, whereas that for the 14 divergent amino acids of the cDNA of Berndt Ct al. (15) has the opposite bias (A + T = 71%).
The coding region for the first 14 amino acids of the cDNA reported by Berndt et al. (15) consequently has an anomalous base composition of 31% G + C, compared with 61% for the remainder of the coding region. The significant consequence of these differences, as shown in Fig. 3, is (15) .
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There is exact correspondence from nucleotide 182 of our cDNA clone in the 3' direction with their cDNA from nucleotide 281, with the exception of three nucleotides. These are 1011 (C), 1084 (C), and 1210 (C) of our cDNA, which correspond to nucleotides 1110 (A), 1183 (G), and 1309 (T) in the sequence of Berndt et al. (15) , respectively. The difference at nucleotide 1011 occurs in the reading frame and codes for a phenylalanine (residue 309) instead of for a leucine (residue 290) (15) ; the other two differences occur in the 3' noncoding region. Thus, with one exception, there is a complete correspondence of the deduced protein sequences from residues 34-330 of our cDNA and residues 15-311 from the cDNA of Berndt et al. (15) . This region encompasses one (amino acid residues 2 5-241) (15) into which all the available sequence data of 145 residues obtained by direct amino acid sequencing can be fitted, and it allows the positive identification of both cDNAs as containing open reading frames that could code for the phosphatase.
However, as noted previously, there are five amino acid differences between the deduced amino acid sequence and the amino acid sequence data derived from analysis of the isolated protein (15) . If sequencing errors are discounted, this implies the existence of allelic variations or enzyme isoforms.
To confirm that we had isolated a different eDNA, and to determine if other related cDNAs for the enzyme could be isolated, the ci cDNA was nick-translated and used as a probe to rescreen the library. Partial sequencing for the first 250-300 bp from both the 3' and 5' ends and restriction enzyme digestion revealed that six more clones were identical to the clones (cl-c4) originally isolated (Fig. 1) . Altogether, seven clones (ci, c2, c3, c5, c6, c7, probes were found to hybridize to a single mRNA band that migrated with a mobility corresponding to about 1.5-1.6 kb (Fig. 4) . Thus, assuming that our cDNA library is representative of the mRNA population, the cDNA we cloned appears to represent the major mRNA for the catalytic subunit of phosphorylase phosphatase. These data make it extremely unlikely that the divergent 5' region of our cDNA had its origins in a doning artifact. The deduced amino acid sequence is shown below the nucleotide sequence.
The overall sequence is based on that of clone ci, extended in the 5' region by examination of the sequences of clones c2 and c5 (see Fig. 1 ). Nucleotides underlined are the translation initiation site, the regions to which the 39 and 42 base probes bind, the termination codon, and the polyadenylation signal site.
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were found (30) gent NH2-terminal sequences of the two eDNA clones, that showed that their enzyme preparations contained it is significant that the first set of peptides falls into this a mixture of at least two isoforms. 22  P2Ai  MDDXVTTXZLDQWVZQLNECX--21  P2Au MOEXVTTX8LDQWZQLNECX--21 HVTI)4TTSE--9 converted to the 32-to 33-kDa form (8, 9) must involve the loss of about 5 kDa of the COOH-terminal sequence. We have previously observed that the catalytic subunits of both phosphorylase phosphatase and phosphatase 2A are rapidly inactivated by disulfides and sulfhydryl reagents at near-neutral pH with kinetics, which suggests that there is a single cysteine involved (4) . Inspection of the deduced amino acid sequence (Fig. 2 ) suggests a likely candidate -cys-140 (Fig. 2) presence of these charged residues would be expected to cause a reduction of the pKa of the cysteine sulfhydryl function, which could account for the observed reactivity.
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Moreover, this sequence occurs in a region that is highly conserved in phosphatase 2A (18, i9 The differences between the amino acid sequencing data (15, 30) and the common region of the deduced amino acid sequences of the two cDNAs could result from genetic variations in the animals from whose pooled tissues the enzymes were purified, or it may be related to the possibility that there must be at least one other isoform. We as well as Berndt et al. (15) The suggestion that there are different phosphatase enzyme forms (based on the isolation of a second cDNA reported here) and sequencing of homologous sets of peptides (30) requires further investigation to establish whether they represent allelic variants or are true isoforms. The existence of such isoforms would be significant because they might display different functional properties, or they may be expressed differentially in different tissues or during development.
In retrospect, we found that preparations of the catalytic subunit displayed apparent heterogeneity in heat stabilities when assayed with phosphorylase a, histone, and p-nitrophenylphosphate (11), and we also detected different divalent cation requirements with different substrates. In addition, the CNBr cleavage products of the protein encoded by our cDNA data (Fig. 2) would consist of only three sizable fragments of approximately 21, ii, and 4 kDa, whereas a more complex pattern is observed for the isolated protein (9 
